
Pa
ge

 1

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

A
n 

A
lg

o
rit

hm
 to

 C
o

rr
e

c
t f

o
r C

o
nt

ro
l R

o
d

 C
us

p
in

g
 

in
 th

e
 N

ES
TL

E 
M

ul
tid

im
e

ns
io

na
l N

e
ut

ro
ni

c
s 

M
o

d
ul

e
 o

f R
EL

A
P5

-3
D

B.
 R

. B
a

nd
in

i
D

. L
. A

um
ill

e
r

E.
. T

. T
o

m
lin

so
n

Be
c

h
te

l B
e

tt
is 

In
c

.
P.

O
. B

o
x 

79
W

e
st

 M
iff

lin
, P

A
 1

51
22



Pa
ge

 2

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

Pr
e

se
nt

a
tio

n 
O

ve
rv

ie
w

•
In

tr
o

d
uc

tio
n

•
O

ve
rv

ie
w

 o
f t

h
e

 N
ES

TL
E 

N
EM

 S
o

lu
tio

n
 T

e
c

h
ni

q
u

e

•
O

ve
rv

ie
w

 o
f S

e
ve

ra
l C

o
n

tr
o

l R
o

d
 C

us
p

in
g

 C
o

rre
c

tio
n 

Te
c

hn
iq

ue
s

•
D

e
sc

rip
tio

n 
o

f t
h

e
 F

in
ite

-V
o

lu
m

e
 C

o
rre

c
tio

n
 T

e
c

h
ni

q
ue

•
A

ss
e

ss
m

e
n

t 
o

f t
he

 C
o

rre
c

tio
n

 in
 S

te
a

d
y-

St
a

te
 a

nd
 T

ra
n

sie
n

t 
A

na
ly

se
s

•
C

o
n

c
lu

sio
n

s



Pa
ge

 3

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

In
tro

d
uc

tio
n

•
So

m
e

 t
ra

ns
ie

nt
s 

in
vo

lv
in

g
 c

o
nt

ro
l r

o
d

 m
o

tio
n

 in
 o

p
e

ra
tin

g
 re

a
c

to
rs

 
p

re
se

nt
 t

he
 n

e
e

d
 fo

r m
ul

tid
im

e
ns

io
na

l n
e

ut
ro

ni
c

s 
sim

ul
a

tio
n

.

•
C

o
n

tr
o

l R
o

d
 C

us
p

in
g

, w
hi

c
h 

c
a

u
se

s 
th

e
 c

o
re

 re
a

c
tiv

ity
 le

ve
l a

nd
 

p
o

w
e

r d
ist

rib
ut

io
n

 t
o

 b
e

 in
a

c
c

ur
a

te
ly

 p
re

d
ic

te
d

, o
c

c
ur

s 
w

he
n

 ro
d

 t
ip

s 
lie

 a
t 

a
xi

a
l p

o
sit

io
ns

 w
h

ic
h 

d
o

 n
o

t 
c

o
rre

sp
o

n
d

 t
o

 n
o

d
e

 b
o

un
d

a
rie

s.

•
C

o
n

tr
o

l R
o

d
 C

us
p

in
g

 is
 t

he
 re

su
lt 

o
f n

o
t 

us
in

g
 fl

ux
 * v

o
lu

m
e

 w
e

ig
h

te
d

 
c

ro
ss

 s
e

c
tio

n
s 

in
 h

o
m

o
g

e
n

iz
e

d
 p

a
rt

ia
lly

 ro
d

d
e

d
 n

o
d

e
s.

•
A

ux
ilia

ry
 1

-D
 a

xi
a

l d
iff

us
io

n-
th

e
o

ry
 c

a
lc

ul
a

tio
ns

 w
h

ic
h 

in
c

o
rp

o
ra

te
 

e
xp

lic
it 

ro
d

-o
u

t 
a

n
d

 ro
d

-in
 c

ro
ss

-s
e

c
tio

ns
 c

a
n

 b
e

 u
se

d
 t

o
 o

b
ta

in
 fl

ux
 * 

vo
lu

m
e

 w
e

ig
ht

e
d

 c
ro

ss
-s

e
c

tio
n

s 
in

 p
a

rt
ia

lly
 ro

d
d

e
d

 n
o

d
e

s.

•
U

se
 o

f t
h

e
se

 a
d

ju
st

e
d

 c
ro

ss
 s

e
c

tio
ns

 h
a

ve
 b

e
e

n 
sh

o
w

n
 t

o
 re

d
uc

e
 t

h
e

 
C

o
n

tr
o

l R
o

d
 C

us
p

in
g

 e
ff

e
c

t 
o

n 
re

a
c

tiv
ity

 in
 b

o
th

 t
he

 t
ra

n
sie

n
t 

a
nd

 
st

e
a

d
y-

st
a

te
 a

n
a

ly
sis

 o
f a

 3
-D

 P
W

R 
te

st
 p

ro
b

le
m

.



Pa
ge

 4

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

D
iff

e
re

nt
ia

l C
o

nt
ro

l R
o

d
 W

o
rth

s 
fo

r a
 W

e
st

in
g

ho
us

e
 

PW
R 

W
ith

o
ut

 C
o

nt
ro

l R
o

d
 C

us
p

in
g

 C
o

rr
e

c
tio

n

0

0.
00

1

0.
00

2

0.
00

3

0.
00

4

0.
00

5

15
20

25
30

35

Differential Rod Worth (Delta Rho/in.)

A
xi

al
 C

on
tr

ol
 R

od
 P

os
iti

on
 (

in
.)

A
xi

al
 M

es
h 

B
ou

nd
ar

y

N
o 

C
us

p 
F

ix



Pa
ge

 5

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

O
ve

rv
ie

w
 o

f t
he

 N
EM

 T
e

c
hn

iq
ue

 
a

s 
Im

p
le

m
e

nt
e

d
 in

 N
ES

TL
E

•
Th

e
 m

a
in

 n
e

ut
ro

ni
c

s 
so

lu
tio

n 
a

lg
o

rit
h

m
 is

 a
 s

im
p

le
 c

o
a

rs
e

-m
e

sh
 fi

ni
te

-
d

iff
e

re
nc

e
 (

C
M

FD
) 

m
e

th
o

d
 (

o
nl

y 
un

kn
o

w
n

s 
a

re
 n

o
d

e
-a

ve
ra

g
e

 fl
ux

e
s)

 
w

ith
 a

d
ju

st
a

b
le

 c
o

nn
e

c
tiv

ity
 b

e
tw

e
e

n 
a

d
ja

c
e

n
t 

n
o

d
e

s.

•
N

o
d

e
 c

o
n

ne
c

tiv
ity

 is
 a

d
ju

st
e

d
 a

t 
e

ve
ry

 N
-t

h
 u

se
r-

sp
e

c
ifi

e
d

 s
o

ur
c

e
 

ite
ra

tio
n 

us
in

g
 t

he
 re

su
lts

 o
f h

ig
h

e
r-

o
rd

e
r 1

-D
 N

EM
 2

-n
o

d
e

 a
u

xi
lia

ry
 

c
a

lc
ul

a
tio

n
s.

•
Th

e
 4

th
-o

rd
e

r N
o

d
a

l E
xp

a
n

sio
n

 M
e

th
o

d
 (

N
EM

) 
a

lg
o

rit
hm

 e
m

p
lo

ye
d

 b
y 

N
ES

TL
E 

e
xp

a
n

d
s 

th
e

 s
p

a
tia

l d
e

p
e

nd
e

n
c

e
 o

f t
h

e
 1

-D
 in

tr
a

n
o

d
a

l f
lu

x 
p

ro
fil

e
s 

in
 a

 s
e

rie
s 

o
f p

o
ly

no
m

ia
ls 

ra
ng

in
g

 fr
o

m
 1

st
 t

h
ro

ug
h

 4
th

 o
rd

e
r.

•
Th

e
 c

o
e

ff
ic

ie
n

ts
 o

f t
he

se
 p

o
ly

no
m

ia
ls 

a
re

 o
b

ta
in

e
d

 fr
o

m
 b

o
un

d
a

ry
 

c
o

n
d

iti
o

n
s,

 c
o

n
tin

ui
ty

 o
f f

lu
x 

a
nd

 c
ur

re
nt

 a
t 

n
o

d
e

 in
te

rf
a

c
e

s 
a

s 
w

e
ll 

a
s 

w
e

ig
ht

e
d

-r
e

sid
ua

l c
o

n
st

ra
in

ts
 w

ith
in

 a
 g

iv
e

n
 n

o
d

e
.

•
Th

e
 re

su
lti

ng
 N

EM
 in

tr
a

no
d

a
l f

lu
x 

so
lu

tio
n

s 
fr

o
m

 t
h

e
 2

-n
o

d
e

 p
ro

b
le

m
s 

a
re

 th
e

n 
us

e
d

 to
 u

p
d

a
te

 th
e

 c
o

nn
e

c
tiv

ity
 b

e
tw

e
e

n
 a

d
ja

c
e

nt
 n

o
d

e
s 

in
 

th
e

 n
e

xt
 s

o
ur

c
e

 it
e

ra
tio

n 
o

f t
he

 m
a

in
 C

M
FD

 s
o

lu
tio

n.



Pa
ge

 6

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

D
e

sc
rip

tio
n 

o
f t

he
 C

o
nt

ro
l R

o
d

 
C

us
p

in
g

 C
o

rr
e

c
tio

n 
Te

c
hn

iq
ue

s

Pr
o

p
e

rti
e

s 
o

f a
ll 

m
e

th
o

d
s 

te
st

e
d

:

•
Em

p
lo

y 
e

xp
lic

it 
a

ux
ilia

ry
 a

xi
a

l m
o

d
e

ls 
o

f t
he

 ro
d

d
e

d
 a

n
d

 u
n

ro
d

d
e

d
 

re
g

io
n

s 
(a

c
c

o
un

tin
g

 fo
r t

h
e

 p
o

sit
io

n
 o

f t
he

 ro
d

 t
ip

) 
o

f e
a

c
h 

p
a

rt
ia

lly
 

ro
d

d
e

d
 n

o
d

e
 a

s 
w

e
ll 

a
s 

th
e

 fu
lly

 ro
d

d
e

d
 a

nd
 u

n
ro

d
d

e
d

 n
o

d
e

s 
a

xi
a

lly
 

a
d

ja
c

e
n

t 
to

 t
he

se
 n

o
d

e
s 

(if
 a

va
ila

b
le

).

•
Em

p
lo

y 
th

e
 m

o
st

 u
p

-t
o

-d
a

te
 c

ro
ss

-s
e

c
tio

n
s 

in
 a

ll 
4 

p
o

rt
io

ns
 o

f t
h

e
 

p
ro

b
le

m
 s

o
lu

tio
n

 s
p

a
c

e
.

•
Pr

e
se

rv
e

 t
h

e
 m

o
st

 re
c

e
nt

ly
 c

a
lc

ul
a

te
d

 a
ve

ra
g

e
 fl

ux
e

s 
in

 fu
lly

 ro
d

d
e

d
 

a
nd

 u
n

ro
d

d
e

d
 a

xi
a

l n
e

ig
hb

o
r n

o
d

e
s.

•
A

p
p

ro
xi

m
a

te
 t

he
 t

ra
ns

ve
rs

e
 le

a
ka

g
e

 s
o

ur
c

e
 fr

o
m

 ra
d

ia
lly

 a
d

ja
c

e
nt

 
n

o
d

e
s 

a
s 

q
ua

d
ra

tic
 fu

n
c

tio
ns

 o
f a

xi
a

l p
o

sit
io

n.

•
C

a
lc

u
la

te
 n

e
w

 w
e

ig
ht

in
g

 fa
c

to
rs

 a
nd

 u
p

d
a

te
 e

ne
rg

y-
g

ro
up

 
d

e
p

e
nd

e
nt

 c
ro

ss
-s

e
c

tio
ns

 in
 a

ll 
p

a
rt

ia
lly

 ro
d

d
e

d
 n

o
d

e
s 

a
ft

e
r 

c
o

m
p

le
tio

n 
o

f N
EM

 u
p

d
a

te
 t

o
 C

M
FD

 s
o

lu
tio

n 
(s

a
m

e
 fo

r L
SO

R 
a

n
d

 
Kr

yl
o

v 
so

lu
tio

n
 t

e
c

ni
q

u
e

s)
.



Pa
ge

 7

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

D
e

sc
rip

tio
n 

o
f t

he
 C

o
nt

ro
l R

o
d

 C
us

p
in

g
 

C
o

rr
e

c
tio

n 
Te

c
hn

iq
ue

s 
(C

o
nt

)

A
ttr

ib
ut

e
s/

D
e

fic
ie

nc
ie

s 
o

f V
a

rio
us

 C
o

nt
ro

l 
Ro

d
 C

us
p

in
g

 C
o

rr
e

c
tio

n 
Te

c
hn

iq
ue

s:

•
4 

N
o

d
e

 4
th

-O
rd

e
r N

EM
 (

sa
m

e
 m

e
th

o
d

 a
s 

us
e

d
 in

 N
ES

TL
E 

N
EM

 u
p

d
a

te
s)

•
M

e
th

o
d

 w
o

rk
e

d
 w

e
ll 

e
xc

e
p

t 
w

he
n

 ro
d

 v
e

ry
 n

e
a

r a
xi

a
l n

o
d

e
 

b
o

un
d

a
ry

 (
<2

%
 o

r >
98

%
 in

se
rt

e
d

).
 E

xt
re

m
e

 a
sp

e
c

t r
a

tio
s 

•
M

ul
ti-

N
o

d
e

 2
n

d
-O

rd
e

r N
EM

 (
sim

p
ly

 d
e

riv
e

d
 fr

o
m

 4
th

 o
rd

e
r N

EM
)

•
M

e
th

o
d

 w
o

rk
e

d
 w

e
ll 

w
he

n 
m

a
ny

 s
u

b
no

d
e

s 
u

se
d

 in
 p

a
rt

ia
lly

 
ro

d
d

e
d

 a
nd

 a
xi

a
l n

e
ig

h
b

o
r n

o
d

e
s 

(n
o

d
e

s 
a

p
p

o
rt

io
n

e
d

 to
 ro

d
d

e
d

/
un

ro
d

d
e

d
 re

g
io

ns
 t

o
 a

c
hi

e
ve

 n
e

a
r e

q
ua

l n
o

d
e

 s
iz

e
s)

.
•

3 
un

kn
o

w
ns

 p
e

r n
o

d
e

 p
e

r e
n

e
rg

y 
g

ro
up

. S
lo

w

•
M

ul
ti-

N
o

d
e

 F
in

ite
-V

o
lu

m
e

 T
e

c
hn

iq
ue

•
M

e
th

o
d

 a
g

a
in

 w
o

rk
e

d
 w

e
ll 

w
he

n 
m

a
ny

 s
ub

no
d

e
s 

us
e

d
.

•
Si

ng
le

 u
n

kn
o

w
n

 p
e

r n
o

d
e

 p
e

r e
ne

rg
y 

g
ro

up
.

•
Lo

w
e

r o
rd

e
r s

o
lu

tio
n 

th
a

n 
2n

d
-O

rd
e

r N
EM

. N
e

e
d

 M
o

re
 S

ub
no

d
e

s



Pa
ge

 8

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

A
ux

ili
a

ry
 F

in
e

-M
e

sh
 F

in
ite

-V
o

lu
m

e
 P

ro
b

le
m

N
o
d

e
l 

+
 1

N
o
d

e
  
  
l 

N
o
d

e
l 

- 
1

N
E

S
T

L
E

 
N

O
D

E
S

S
u

b
n

o
d

e
B

o
u

n
d

a
r
ie

s

U
n

ro
d

d
e
d

o
f 

P
ro

b
le

m
P

o
r
ti

o
n

R
o
d

d
e
d

P
o
r
ti

o
n

o
f 

P
ro

b
le

m



Pa
ge

 9

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

Fi
ne

-M
e

sh
 F

in
ite

-V
o

lu
m

e
 T

e
c

hn
iq

ue

•
Fi

ni
te

-V
o

lu
m

e
 M

e
th

o
d

 e
n

fo
rc

e
s g

ro
up

-d
e

p
e

nd
e

nt
 n

o
d

a
l b

a
la

n
c

e
 o

ve
r 

e
a

c
h 

su
b

no
d

e
.

•
Fi

c
k’

s 
La

w
 o

f D
iff

us
io

n 
us

e
d

 t
o

 c
o

n
ne

c
t 

a
 g

iv
e

n
 s

ub
no

d
e

 t
o

 it
s 

a
xi

a
l 

n
e

ig
hb

o
rs

.

•
La

te
st

 v
a

lu
e

s 
o

f t
ra

n
sv

e
rs

e
 le

a
ka

g
e

s 
(f

it 
q

u
a

d
ra

tic
a

lly
) 

a
nd

 if
 

a
p

p
lic

a
b

le
, n

o
n-

im
p

lic
it 

p
o

rt
io

n 
o

f t
ra

ns
ie

n
t a

n
d

/o
r f

ix
e

d
 s

o
ur

c
e

s 
te

rm
s 

m
a

ke
 u

p
 R

ig
h

t 
H

a
nd

 S
id

e
s 

o
f n

o
d

a
l b

a
la

n
c

e
 e

q
ua

tio
ns

.

•
Kn

o
w

n 
N

ES
TL

E 
flu

xe
s 

in
 n

o
d

e
s 

a
b

o
ve

 a
nd

 b
e

lo
w

 p
a

rt
ia

lly
 ro

d
d

e
d

 n
o

d
e

 
p

ro
vi

d
e

 a
d

d
iti

o
na

l e
q

ua
tio

n
s 

n
e

e
d

e
d

 fo
r c

lo
su

re
.

•
Re

su
lti

ng
 e

q
ua

tio
ns

 fo
r t

he
 s

ub
no

d
e

 n
e

ut
ro

n 
flu

xe
s 

c
a

n
 b

e
 p

la
c

e
d

 in
 

m
a

tr
ix

 fo
rm

a
t 

a
nd

 s
o

lv
e

d
 b

y 
d

ire
c

t 
m

e
a

n
s.

 (
in

 t
h

is 
c

a
se

 t
he

 S
up

e
rL

U
 

a
lg

o
rit

hm
)

•
Sa

m
e

 n
um

b
e

r o
f s

u
b

no
d

e
s 

us
e

d
 a

t 
a

ll 
ro

d
 t

ip
 lo

c
a

tio
ns

. 
(A

 s
in

g
le

 m
a

tr
ix

 s
tr

uc
tu

re
)



Pa
ge

 1
0

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

W
e

st
in

g
ho

us
e

 P
W

R 
A

ss
e

ss
m

e
nt

 P
ro

b
le

m

•
Te

st
 p

ro
b

le
m

 is
 IN

EE
L 

m
o

d
ifi

c
a

tio
n

 o
f “

Ty
p

ic
a

l P
W

R”
 t

e
st

 v
e

rif
ic

a
tio

n
 

su
ite

 p
ro

b
le

m
.

•
N

ES
TL

E 
m

ul
ti-

D
 n

o
d

a
l k

in
e

tic
s 

re
p

la
c

e
s 

p
o

in
t 

ki
ne

tic
s 

in
 p

ro
b

le
m

.

•
2-

g
ro

up
 c

ro
ss

-s
e

c
tio

ns
 o

b
ta

in
e

d
 fr

o
m

 N
EA

C
RP

 3
-D

 L
W

R 
b

e
nc

hm
a

rk
. 

(d
e

p
e

n
d

e
nc

e
 o

f c
ro

ss
-s

e
c

tio
ns

 o
n 

T/
H

 c
o

n
d

iti
o

ns
 ig

no
re

d
)

•
C

o
re

 c
o

ns
ist

s 
o

f 1
93

 P
W

R 
fu

e
l a

ss
e

m
b

lie
s,

 5
7 

o
f w

hi
c

h
 c

o
nt

a
in

 c
o

n
tr

o
l 

ro
d

s.

•
64

 n
o

n
-f

ue
le

d
 a

ss
e

m
b

ly
-s

iz
e

d
 re

g
io

ns
 re

p
re

se
nt

 ra
d

ia
l r

e
fle

c
to

r.

•
M

o
d

e
l d

iv
id

e
d

 a
xi

a
lly

 in
to

 1
3 

~1
ft

. t
a

ll 
no

d
e

s,
 1

1 
o

f w
hi

c
h

 a
re

 in
 a

c
tiv

e
 

c
o

re
.

•
In

 c
a

se
s 

st
ud

ie
d

 a
ll 

57
 ro

d
s 

a
re

 m
o

ve
d

 a
s 

a
 s

in
g

le
 b

a
n

k 
to

 m
a

g
n

ify
 

e
ff

e
c

ts
 o

f C
o

nt
ro

l R
o

d
 C

us
p

in
g

.

•
Re

a
c

tiv
ity

 lo
ss

 d
ur

in
g

 T
ra

n
sie

n
t 

En
d

 S
ta

te
 c

a
lc

ul
a

tio
ns

 o
b

ta
in

e
d

 fr
o

m
 

im
m

e
d

ia
te

 c
o

nt
ro

l r
o

d
 in

se
rt

io
n 

fo
llo

w
e

d
 b

y 
~3

0 
se

c
. w

a
it 

p
e

rio
d

.



Pa
ge

 1
1

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

G
e

o
m

e
tri

c
 D

e
sc

rip
tio

n 
o

f P
W

R 
A

ss
e

ss
m

e
nt

 P
ro

b
le

m
 

F
ue

l A
ss

em
bl

y 
w

/o
 C

on
tr

ol
 R

od

X
F

ue
l A

ss
em

bl
y 

w
/ C

on
tr

ol
 R

od

N
on

-F
is

si
le

 R
ef

le
ct

or
 R

eg
io

n

X
X

X
X

X

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X

A
xi

al
M

es
h

N
u

m
b

er

A
xi

al
M

es
h

H
ei

gh
t

(m
) 

13 1012 11 9 8 7 6 5 4 3 2 1

0.
30

48

0.
33

02
7

0.
33

27
3

0.
33

27
3

0.
33

27
3

0.
33

27
3

0.
33

27
3

0.
33

27
3

0.
33

27
3

0.
33

27
3

0.
33

27
3

0.
33

27
3

0.
30

48



Pa
ge

 1
2

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

D
iff

e
re

nt
ia

l C
o

nt
ro

l R
o

d
 W

o
rth

s 
w

/ 
a

nd
 w

/o
 C

us
p

 F
ix

0

0.
00

1

0.
00

2

0.
00

3

0.
00

4

0.
00

5

15
20

25
30

35

Differential Rod Worth (Delta Rho/in.)

A
xi

al
 C

on
tro

l R
od

 P
os

iti
on

 (i
n.

)

A
xi

al
 M

es
h 

B
ou

nd
ar

y

N
o 

C
us

p 
Fi

x
Fi

ni
te

 V
ol

 C
us

p 
Fi

x 
(9

0 
m

es
h)



Pa
ge

 1
3

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

D
iff

e
re

nt
ia

l R
o

d
 W

o
rth

s 
w

/ 
Va

ry
in

g
 S

ub
no

d
in

g

0.
00

1

0.
00

15

0.
00

2

0.
00

25

0.
00

3

0.
00

35

0.
00

4

0.
00

45

0.
00

5

18
20

22
24

26
28

30
32

Differential Rod Worth (Delta Rho/in.)

A
xi

al
 C

on
tr

ol
 R

od
 P

os
iti

on
 (

in
.)

A
xi

al
 M

es
h 

B
ou

nd
ar

y

F
in

ite
 V

ol
 C

us
p 

F
ix

 (
90

 m
es

h)
F

in
ite

 V
ol

 C
us

p 
F

ix
 (

60
 m

es
h)

F
in

ite
 V

ol
 C

us
p 

F
ix

 (
30

 m
es

h)



Pa
ge

 1
4

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

Re
a

c
tiv

ity
 L

o
ss

 a
t T

ra
ns

ie
nt

 E
nd

 
St

a
te

 w
/ 

a
nd

 w
/o

 C
us

p
 F

ix

-7-6-5-4-3-2-10

26
28

30
32

34
36

38

Change in Reactivity (Dollars)

A
xi

al
 C

on
tr

ol
 R

od
 P

os
iti

on
 (

in
.)

A
xi

al
 M

es
h 

B
ou

nd
ar

y

LS
O

R
, N

o 
C

us
p 

F
ix

LS
O

R
, F

in
ite

 V
ol

 C
us

p 
F

ix
 (

90
 m

es
h)

K
R

Y
LO

V
, F

in
ite

 V
ol

 C
us

p 
F

ix
 (

90
 m

es
h)



Pa
ge

 1
5

In
t. 

R
E

LA
P5

-3
D

 U
se

rs
 S

em
in

ar
A

ug
us

t 2
7-

29
, 2

00
3

W
es

t Y
ell

ow
st

on
e, 

M
on

ta
na

C
o

nc
lu

si
o

ns

•
Se

ve
ra

l m
e

th
o

d
s 

ha
ve

 b
e

e
n 

d
e

ve
lo

p
e

d
 t

o
 c

o
rre

c
t 

fo
r t

h
e

 re
a

c
tiv

ity
 

a
nd

 p
o

w
e

r d
ist

rib
u

tio
n 

e
ff

e
c

ts
 o

f C
o

n
tr

o
l R

o
d

 C
us

p
in

g
.

•
C

o
n

tr
o

l R
o

d
 C

us
p

in
g

 o
c

c
ur

s 
in

 s
te

a
d

y-
st

a
te

 a
nd

 t
ra

ns
ie

nt
 N

ES
TL

E 
c

a
lc

ul
a

tio
n

s 
w

he
re

 c
o

n
tr

o
l r

o
d

s 
a

re
 p

a
rt

ia
lly

 in
se

rt
e

d
 in

to
 a

xi
a

l n
o

d
e

s.

•
N

e
w

 a
lg

o
rit

h
m

s 
e

xp
lic

itl
y 

c
a

lc
ul

a
te

 th
e

 n
e

ut
ro

n 
flu

x 
in

 t
he

 ro
d

d
e

d
 a

n
d

 
un

ro
d

d
e

d
 p

o
rt

io
n

s 
o

f p
a

rt
ia

lly
 ro

d
d

e
d

 n
o

d
e

s 
su

c
h 

th
a

t 
ho

m
o

g
e

n
iz

e
d

 
c

ro
ss

-s
e

c
tio

ns
 c

a
n

 b
e

 o
b

ta
in

e
d

 b
y 

flu
x 
* v

o
lu

m
e

 w
e

ig
h

tin
g

.

•
Th

e
 m

o
st

 e
ff

ic
ie

n
t 

a
lg

o
rit

h
m

 t
e

st
e

d
 w

a
s 

a
 fi

ni
te

-v
o

lu
m

e
 m

e
th

o
d

 w
ith

 
m

ul
tip

le
 s

ub
n

o
d

e
s.

•
Th

is 
m

e
th

o
d

 w
a

s 
sh

o
w

n 
to

 g
re

a
tly

 re
d

uc
e

 t
h

e
 C

o
nt

ro
l R

o
d

 C
u

sp
in

g
 

e
ff

e
c

t 
o

n
 re

a
c

tiv
ity

 in
 a

 3
-D

 P
W

R 
te

st
 p

ro
b

le
m

.

•
In

 t
hi

s 
p

a
rt

ic
ul

a
r t

e
st

 p
ro

b
le

m
 u

se
 o

f 3
0,

 6
0,

 a
n

d
 9

0 
su

b
n

o
d

e
s 

a
t 

e
a

c
h

 
c

o
n

tr
o

l r
o

d
 t

ip
 in

c
ur

re
d

 ru
n-

tim
e

 p
e

na
lti

e
s 

o
f 2

5%
, 5

4%
, a

nd
 1

04
%

, 
re

sp
e

c
tiv

e
ly

.

•
Fu

rt
he

r d
e

ve
lo

p
m

e
nt

 m
a

y 
b

e
 n

e
e

d
e

d
 t

o
 c

o
rre

c
tly

 a
d

ju
st

 d
isc

o
n

tin
ui

ty
 

fa
c

to
rs

 a
t 

th
e

 a
xi

a
l b

o
un

d
a

rie
s 

o
f t

he
 p

a
rt

ia
lly

 ro
d

d
e

d
 n

o
d

e
s.


